Reducing budwood number is an efficient effort to overcome problems related with limited scion materials. The objective of this research was to study the effect of scion budwood number in some clones on the performance of grafted cocoa seedlings. The research was conducted at Kaliwining Research Station, Indonesian Coffee and Cocoa Research Institute, Jember, Indonesia at an elevation of 48 m above sea level. Layout for this study used factorial with 2 factors in randomized complete block design, with four replications for every treatment. The first factor was clone type, namely MCC 02 and Sulawesi 1; whereas the second factor was number of grafted scion budwood, namely one, two, and three grafted budwoods. There was no interaction between clone and number of scion budwood for variables of shoot length, stem girth, content of total chlorophyll, chlorophyll a, and chlorophyll b. Meanwhile, there was interaction for stomatal conductance and stomatal diffusion resistance. Clone significantly affected photosynthesis and stomatal diffusion resistance, while number of scion budwood affected significantly the shoot length. Photosynthesis activity of MCC 02 was higher compared to Sulawesi 1. In average, stomatal diffusion resistance of Sulawesi 1 was higher than MCC 02. The shoot length of one grafted budwood was higher than the two or three grafted budwood.
INTRODUCTION
Top grafting is the most common method used in cocoa plant propagation which is aimed to obtain a superior trait combination between two parents by clonal method. Principally, that method combines scion (budwood) with rootstock which merges the cambium of scion and rootstock.
Cocoa's top grafting has some advantages such as obtaining new plant which has the same trait with its parents, fast growing, early precosity, cheap, simple, well-developed roots, and combining superior traits from its parents. On the other hand, disadvantage of this method is rootstock-scion incompatibility. Difference in rootstock and scion affects cocoa production and plant growth vigour (Prawoto, 2008; Pang-Thau-Yin, 2004) . It has been reported that survival rate of grafted scions could reach 80% in condition where air temperature 27.7 O C with relative humidity (RH) 76.2% (Prawoto, 2007) . Previous study carried out by Anitasari & Susilo (2012) has reported grafting performance of some scion clones and root-stock family on cocoa.
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Supply of rootstock highly depends on the availibility of cocoa seeds, meanwhile the availability of scions depend on number of scion budwood which derived from plagiotrophic branches. On the other hand, plagiotrophic branches are the places of mostly growing cocoa pods; therefore, the branch availability is limited by some factors. Taking of budwoods from selected superior trees should be done either in the early or the end of rainy season. Meanwhile, taking out of budwood from productive farms should be done in limited number considering that it may affect plant production. Application of grafting in cocoa nursery may last for six months considering that the seedlings will be planted in the beginning of the rainy season. Seeds for rootstock are planted in June while taking budwood for scion material is carried out in August. Meanwhile, recommended minimum number of scion budwood is three budwoods for each grafting. However, need for budwoods especially in large quantities in limited period is a challenge for cocoa nursery planters when using top grafting method. In the case of cashew plants, the number of grafted scion budwoods affected shoot length, number of leaves and percentage of flowers bearing fruits, as reported by Suharto (2012) . Reducing budwood number is an effort to overcome problems in limited scion materials. The objective of this research was to study the effect of scion budwood number in some cocoa clones on their seedling performances. The layout for this study used factorial with two factors in randomized complete block design, with four replications for every treatment. Each plot consisted of five top grafted cocoa (Theobroma cacao L.) seedlings. The first factor was cocoa clone types, namely MCC 02 and Sulawesi 1. The second factor was number of scion budwoods, namely 1, 2, and 3 budwoods per rootstock (Figure 1 ). The observed parameters were live budwood percentage, shoot length, stem girth, stomatal conductance, photosynthesis rate, and stomatal diffusion resistance. Stomatal diffusion resistance and stomatal conductance were observed using a leaf porometer (Decagon ® , USA) referred to Zakariyya & Prawoto (2015) .
MATERIALS AND METHODS
Photosynthesis activity was measured using Photosynthesis Yield Analyzer (Mini-PAM ® ) which was tagged on cocoa leaves, namely third youngest, fully expanded and fully hardened leaves, because those leaves are the most physiologically active (Daymond et al., 2011) . Measurement using Mini-PAM ® was conducted by tagging a detector to the adaxial leaves. Content of total chlorophyll, chlorophyll a, and chlorophyll b were measured using SPAD-502. The equation for calculating the content of chlorophyll a, chlorophyll b and total chlorophyll referred to the research conducted by Netto et al. (2007) 
RESULTS AND DISCUSSION
Based on this research results, variance analysis showed that clones affected stomatal diffusion resistance and photosyntesis activity (Fv/Fm). Meanwhile, budwood number influenced shoot length. However, their interaction affected stomatal diffusion resistance and stomatal conductance (Table 1) . The result showed that the treatments had difference in life percentages of grafted cocoa seedling (Figures 2), where for MCC 02 clone was higher than Sulawesi 1 clone. Rootstocks grafted with three scion budwoods had higher life percentages than other treatments. However, higher life percentage was obtained in MCC 02 clone grafted with three budwoods than Sulawesi 1 clone with the same number of scion budwood. Meanwhile, on grafting seedlings, the smallest viability was shown by Sulawesi 1 clone with two budwoods of scion, namely 45%, then followed by those clones with a budwood, i.e. 55%, despite they showed no significantly difference each other. On MCC 02 clone, grafting by using one and two budwoods consistently gave high life percentages which were 75% and 80%, respectively. Based on Anita-Sari & Susilo (2012) work, Sulawesi 1 was grouped in medium viability.
Budwoods are needed as food reservation for early growth of seedlings. Based on the research, number of scion budwood affected the success of grafting seedling viability. Risk of minimum budwood number is no substituted shoots which can be maintained when the other shoot was attacked by Phytopthora palmivora disease and Helopeltis sp., dry bud risk, and the occurrence of other physical disorders. Helopeltis becomes a serious problem in the process of grafting in seedling stage. Helopeltis attacks and inhibits shoot growth as a result the leaves become dry (Atmadja, 2003; Santoso et al., 2013) . Bahri & Santoso (2013) reported that for cassava cutting needed at least two buds. Seedlings with less than two buds was vulnerable to drought and less viability. Therefore, special handling is neccesary related to its treatment e.g. pest control, fertilization, and others to optimize the seedling vigour.
Shoot length
A single factor of clone did not significantly affect shoot length; meanwhile, number of scion budwood significantly affected that parameter ( Table 2 ). The highest shoot length was obtained from grafting with one budwood. Grafting with two and three budwoods showed significant difference compared with one budwood. Number of budwoods reflects different scion length, meaning that the more budwood number was, the longer scion size would be. Waluya (2011) reported that on cassava cutting, the higher number of scion budwoods is, the higher number of shoots will appear. Thus, the consumption of food reservation in plant will be higher and may compete each others. In another case, the differences of budwood size in grafting have been attributed to the change of shoot concentrations of phytohormones, such as auxin, gibberellin, absisic acid, and cytokinin (Grochowska et al., 1984; Kamboj et al., 1998; Kamboj et al., 1999; Steffens & Hedden, 1992) .
Shoot Girth
According to Table 3, shoot girth was not different among the treatments, either clones or number of scion budwoods. In general, shoot girth of MCC 02 was greater than Sulawesi 01, even though it was not significantly different. Scion which is highly compatible with rootstocks and has well graft union will support translocation of assimilation, water, nutrients, hormones and enzimes to the whole seedlings. Initiation of morphogenic scions by grafting induces morphological changes on leaves, flowers and fruits due to Table2. Effects of clones and number of scion budwoods on shoot length of grafted seedling genetic changes which have potential in genetic improvement (Eltayb, 2014) .
In general, the number of budwoods (scion) which were grafted to the rootstocks grew similarly. However, different number of scion budwood did not consistenly affect shoot girth. In the field, scion growth can be vary with the predicted size from the rootstocks to which they are grafted. It may be affected by environmental factors. Tworkoski & Fazio (2011) reported that various size of apple fuji scions which were grafted to the same rootstocks size grow uniformly, but there was a modification of xylem sap size.
According to Sukarmin et al. (2009) , food reservation which is accumulated into rootstocks is formed by photosynthesis process and required to support the callus initiation on graft union as well as to stimulate budwood dormancy to break and then grow. Suharsi (2013) found that the readiness of root stock to be grafted on scion associated with the age and size of the rootstock. The older and larger rootstock is, the better stem growth stimulation will be.
Chlorophyll a, b, and total
Chlorophyll is a pigment which has a main function to support photosynthesis. Based on this research, the total chlorophyll, chlorophyll a and b were not different significantly. Based on clone and number of budwood, MCC 02 has higher chlorophyll than Sulawesi 01. The treatment grafting by three budwoods showed the highest content in total chlorophyll, chlorophyll a and b. Chlorophyll a is dark green color pigment and chlorophyll b is green color pigment and they absorb red color (Ai & Banyo, 2011) . However, the function of chlorophyll in photosynthesis process transforms light energy into chemical energy of ATP (adenosine triphosphate) and NADPH (nicotinamide adenine dinucleotide phosphate + H), which occurs in the light reactions. Furthermore, the chemical energy used in the dark reactions reduces CO 2 into carbohydrates and O 2 (Salisbury & Ross, 1995) .
Generally, grafting method has been reported to be able to affect some physiological characteristics especially chlorophyll and photoshyntesis performance (Ballesta et al, 2010) . Some researchers have confirmed that compatibility of rootstocks-scion grafting tends to enhance plant fruit quality in some ways (Lee et al., 2003; Angela et al., 2008; Li et al., 2009) . Chlorophyll content in musk mellon plant increased in grafting treatments which had impacts on photosyntesis process and carbohydrates content (Liu et al., 2011) . However, the increase in photosynthesis and carbohydrate metabolism due to grafting has the potential to improve plant quality. 
Photosynthesis (Fv/Fm)
The value of photosynthesis can be expressed in Fv/Fm units. The value of Fv/ Fm is flouresence value which indicates the maximum photochemical efficiency of Photosystem II or the maximum photochemical energy conversion (Lamontagne et al., 2000; Heinz-Walz-GmbH, 1999) . The maximum quantum yield (Fv/Fm) can be estimated by measuring the increase in fluorescence yield from dark-adapted minimal fluorescence (Fo) to maximal fluorescence (Fm), which is associated with the closing of photosynthetic reaction centers during light saturation or a photosynthetic inhibitor such as 3'-(3,4-dichlorophenyl)-1',1'-dimethyl urea (DCMU) (Cullen et al., 1979) .
As presented in Table 5 , photosynthetic rate showed significant difference between the clones tested, however number of scion budwood treatment has no significant effect. MCC 02 was significantly different from Sulawesi 1. The value of Fv/Fm diversely ranged from 0,2 to 0,7 (Heinz Walz GmbH, 1999). However, the variations of Fv/Fm ratio appeared to be related with biomass and independent assimilation. It means that for Fm and Fv/Fm parameters, the response is complex, not only related to chlorophyll a concentration, but also to light scattering and re-absorption phenomenon (Ting & Owens, 1992; Büchel & Wilhelm, 1993) .
The clones of cocoa grafting seedling performed differently for photosyntesis.
These results were in agreement with the study by Zheng et al. (2009) who have found that grafting reduced damage on photosynthetic apparatus. A similar effect was observed when grafting tomato plant with a salt tolerant rootstock, since it maintained higher photochemical activity of photosystem II (He et al., 2009 ). According to their research result, Albacete et al. (2009) reported an induced rootstock increased crop productivity toward changes in leaf area and photosynthetic capacity. On the other hand, photosystem II contained chlorophyll a which highly absorbs solar energy with 680 nm of wave length.
Stomatal Conductance and Stomatal Diffusion Resistance
Figure 4 presents a significant interactions between clone and number of scion budwood to stomatal conductance parameter. Stomatal conductance is conductive ability of stomata for gas movement from high to low concentration, meanwhile stomatal resistance is the inhibition of gases to enter through the stomata (Salisbury & Ross, 1995) . Drake et al. (2013) reported that stomatal characters affected the mechanism of gas exchange (including CO 2 ) in the plant especially on leaves. CO 2 is required in the photosynthesis process, therefore stomatal conductance will be important in obtaining an optimum performance for grafting seedling. Stomatal diffusion resistance caused reverse effect compared with stomatal conductances and this parameter was also affected by interaction among treatments. The value of stomatal diffusion resistance on MCC 02 was relatively lower than Sulawesi 1. The highest value was obtained on Sulawesi 01 grafted with one budwood (81,38 m 2 /mmol) and significantly different to MCC 01 at the same number of grafted scion budwood. The higher the value of stomatal resistance is, the lower the gas (included CO2) diffusion barrier will enter the leaves, so that photosynthesis will be smaller (Zakariyya & Prawoto, 2015) .
In some studies, grafting method was reported to be able to modify xylem sap (Ballesta, 2010; Johkan, 2009) . Meanwhile, the compatibility of scion-rootstock may determine water and nutrient translocation and affect other physiological traits (Ballesta, 2010; Omid et al., 2007) . Johkan (2009) found that grafting old sweet pepper plants resulted in poor development in their xylem connections at the graft site, which results in low stomatal resistance and water potential compared to younger plants. Some studies reported that scion and number of scion budwood affected stomatal performance, which produced higher CO 2 assimilation rate and less stomatal resistance than in non-grafted and/or self-grafted plants (Yetisir et al., 2007; Rouphael et al., 2008; He et al., 2009; Zheng et al., 2009 ). 
CONCLUSION
Clone and number of scion budwood interaction generate no significant difference for parameters of shoot length, shoot girth, total chlorophyll, chlorophyll a, and chlorophyll b. Meanwhile, stomatal conductance and stomatal diffusion resistance showed significant effects. Single factor of clone provided significant effects on photosynthesis and stomatal diffusion resistance, while number of grafted scion budwoods gave a significant effect on shoot length. The best treatment was obtained from MCC 02 grafted with 3 budwoods which had the highest life percentage (95%). MCC 02 grafted with one, two, or three of scion budwoods had the highest Fv/Fm and stomatal conductance. On Sulawesi 1, the best treatment was obtained from three budwoods.
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